Abstract
Internet technologies are having a significant impact on the learning industry. For-profit organizations and traditional institutions of higher education have developed and are using web-based courses, but little is known about their effectiveness compared to traditional classroom education. Our work focuses on the effectiveness of a webbased virtual learning environment (VLE) in the context of basic information technology skills training.
This article provides three main contributions. First, it introduces and defines the concept of VLE, discussing how a VLE differs from the traditional classroom and differentiating it from the related, but narrower, concept of computer aided instruction (CAI). Second, it presents a framework of VLE effectiveness, grounded in the technologymediated learning literature, which frames the VLE research domain, and addresses the relationship between the main constructs. Finally, it focuses on one essential VLE design variable, learner control, and compares a web-based VLE to a traditional classroom through a longitudinal experimental design.
Our results indicate that, in the context of IT basic skills training in undergraduate education, there are no significant differences in performance between students enrolled in the two environments.
Introduction
Since the commercialization of the Internet, Internet technologies have had profound impacts on a number of industries (Evans and Wurster 1997) and have allowed small entrants to compete with established dominant incumbents (Yoffe and Cusumano 1999) . While in the learning industry, the pace of transformation may not have been as dramatic, education has not been immune to Internet-driven change (Beller and Or 1998; Kiser 1999 ). Traditional institutions of higher education, universities and colleges, have been somewhat slow to realize the potential impact of these technologies, but many of them are now beginning to develop and deliver web-based courses (McCormick 2000). Researchers as well as practitioners have suggested that "nothing will protect the business school from being swept into the current of technologically driven change" (Ives and Jarvenpaa 1996, p. 39; Lenzner and Johnson 1997) .
In this article we define the virtual learning environment (VLE) concept and, drawing on technology-mediated learning theory, develop a conceptual framework that identifies the primary dimensions of a VLE and their relationship to learning effectiveness. We then report the results of a preliminary test of a subset of the relationships identified by the framework. We limit our inquiry to basic information technology (IT) skills, although the conceptual framework proposed has broader utility. Employing a longitudinal experimental design, we compare a VLE to a traditional classroom-based course designed to introduce students to computing principles and basic enduser skills (i.e., proficiency with the Microsoft Office suite of productivity tools).
We focus on basic IT skills for several reasons. Technology savvy students and instructors are early adopters of technology and represent a high proportion of users of web-based courses. Technology courses were among the first to appear on the web and are still among the most popular online offerings. An important motivation for teaching web-based courses in many universities, particularly those funded by public sources, often arises from the search for an efficient delivery vehicle for introductory courses. Particularly in information systems education, with its shortage of faculty and growing student demand, webbased courses may help relieve the pressure. As faculty and administrators become more familiar with the potential applications of Internet technologies in education, their use in higher-level courses will likely increase. We chose to focus on basic IT skills because of their fast obsolescence and because of the growing need for training in both academic and business environments.
Our conceptual framework will be most useful to researchers investigating VLE effectiveness. The immediate findings of our experiment will be most useful to universities considering the transfer of basic IT skill courses to the Internet and to organizations seeking effective methods to continuously upgrade the IT skill sets required of their employees.
The article is organized as follows. In the next two sections, we define the VLE concept and present the conceptual framework. We then focus on one dimension, learner control, and develop the study hypotheses, followed by a description of the research design. Analysis and discussion of the results, the study limitations, implications for research, and our conclusions follow.
Virtual Learning Environment U
Virtual learning environments (VLEs) are defined as "computer-based environments that are relatively open systems, allowing interactions and Traditionally, learning environments are defined in terms of time, place, and space. We expand the traditional definition of learning environment to include three further dimensions: technology, interaction, and control. Table 1 contains definitions of each dimension and examples that clarify how a VLE differs from traditional classroom education on each of them.
Traditionally, technology has not significantly altered educational environments. Electronic mail has been adopted, to varying degrees, for one-toone student-teacher communication, but most communication is still carried out during classroom meetings or through broadcast electronic mail messages sent from a faculty member to all students. Some courses rely on the use of videotaped lectures or CAI modules that students can use at their own convenience, but these arrangements don't allow for interaction among students and with the instructor. Conversely, VLEs provide high levels of student control, support participant contact and interaction throughout the learning process, and provide an opportunity to restructure the learning experience in ways not feasible with CAI alone. In the next section, we develop a framework outlining the theoretical constructs and relationships that shape the domain of VLEs. The framework aims at identifying the key determinants of VLE effectiveness, broadly explaining the underlying processes linking these variables and clarifying how VLEs differ from CAI and other technology-mediated learning environments.
Theoretical Development
Recent research suggests that technologymediated learning environments may improve students' achievement (Alavi 1994 (Brown 1996) , frustration, anxiety, and confusion (Hara and Kling 2000), or reduced interest in the subject matter (Maki et al. 2000) . Learner achievement has also been questioned. Some authors suggest that there is generally no significant difference between technology supported environments and traditional face-toface instruction. Most notable is a compilation of over 350 comparative studies, dating back to studies of instructional radio, reporting no significant difference in performance (Russell 1999 (Clark 1994; Collins 1995 ). An electronic forum with discussion board technology presents an apt example. If the instructor uses it to quickly and publicly answer student questions, as is done during in-class lectures, the behavior is consistent with an objectivist model. Conversely, if the instructor fosters asynchronous discussion through the medium, facilitating the students' exploration of the subject, and engaging them in discourse and construction of meaning, the behavior is consistent with the constructivist model.
Learner Control
Learner control refers to "instructional designs where learners make their own decisions regarding some aspects of the 'path,' 'flow,' or 'events' of instruction" (Williams 1996, p. 957). More precisely, learner control is the degree of discretion that students can exert over the pace, sequence, and content of instruction in a learning environment (Milheim and Martin 1991) . Content refers to the instructional material presented to the learner; pace refers to the rate of presentation of the instructional material and the time spent on each instructional component; sequence refers to the order of presentation of the material (Milheim and Martin 1991).
Proponents of learner control argue that higher degrees of learner control lead to better student performance, measured as a lower number of errors on tests, and a more positive student affect, measured by self reports of satisfaction (Merrill 1994 1996) . VLEs depart considerably from the traditional model and shift much of the responsibility for learning to the students. In light of these competing predictions, our third hypothesis is exploratory and non-directional.
H3: Students in the virtual learning environment will report different levels of satisfaction than students in the traditional learning environment.
Research Design
We employed a longitudinal field experiment adopting a two group repeated measure design varying the learning environment (web-based, traditional).
The Course
The course is an introductory course in management information systems for undergraduate business students. The course is required of all students enrolled in the College of Business, but it attracts students from many non-business curricula. The purpose of this course is hands-on computer training. It covers a brief introduction to computers and the basic concepts of word processing, presentation software, spreadsheets, and database management systems using Microsoft Office. The first half of the semester focuses on word processing and presentation software. The second half of the semester concentrates on spreadsheet and database management applications.
The Subjects the experimental character of the selected sections and signed up based on personal reasons and schedule fit. Further, they were not aware of the identity of the instructors prior to enrollment. At the beginning of the semester, students in the VLE were informed that they would be taking the course online rather than coming to class. The experiment began with an initial pool of 192 subjects (48 per section). However, complete records were only available for 146 subjects (see Table 2 ).
The subjects were representative of the traditional business undergraduate population. They were young (age < 22, 91%), and fairly evenly distributed by gender (56.8% males, 43.2% females). The distribution by classification is typical of the population of the over 800 students who take the course: freshman (18.5%), sophomore (52.1%), junior (17.8%), and senior (11%). In a preliminary survey, completed during the first week of class, we measured demographics, attitudes toward computer use, previous experience with computers, expectation for the course, and selfreported knowledge of course material. We also administered an objective skill assessment quiz covering core course material. A series of t-tests revealed no significant difference between the treatment and control group on these dimensions, with the exception of self-reported previous experience with spreadsheets. However, the ttest of spreadsheet knowledge scores measured by way of the objective skill assessment revealed no statistical difference. Given the preponderance of the evidence, we assume homogeneity of pretreatment skills, attitudes, and experience.
Procedure and Learning Environments
Seventeen sections of the target course were offered during the semester; four sections were included in the experiment. Two instructors participated in the experiment, and they were assigned to course sections based on departmental requirements during the preparation of the class schedule. Each instructor taught one section in the traditional classroom and one section in the VLE. In the traditional classroom, the instructor lectured and demonstrated specific software features using standard practice assignments and an overhead projector. One half of the class time was spent in a computer laboratory where each student had access to a computer and completed the practice assignment along with the instructor. Each week, students were assigned homework projects.
The VLE was developed using Lotus Learning Space, a curriculum delivery application that facilitates the creation and administration of online courses delivered through a Lotus Notes client or a Web browser. The core instructional material is organized in online teaching modules grouped in tutorials. Each module describes a command in the target application (e.g., Microsoft Word) and, through step-by-step instructions mirroring in-class lectures, illustrates how to effectively use it. Each module also links to an animation that depicts visually how each task is carried out. Materials in logically connected instructional modules are cross-linked, thus allowing the students to control the path through the modules. Each module is also accessible directly through menus, thus allowing students to instantaneously retrieve information as they are confronted with assignments and problems. Through JavaScript routines, the material is presented on screen along with the target application, allowing students to practice skills as they acquire them. The VLE is an open system, allowing participants to interact through an electronic forum. Students and the instructor can participate with comments, questions, and responses at any time, in asynchronous fashion, in the class electronic discussion. The forum is publicly available to all participants in the VLE and discussion can be threaded, thus allowing students to easily access and read interactions on different subjects.
The threading of public communication also enables students to selectively access topics of interest to them while skipping the others (for further information on the VLE's characteristics and development see Ahmad and Piccoli 1998; Piccoli et al. 2000).
Both versions of the course, traditional and webbased, were designed following the tenets of CDT and included all four primary presentation forms. Each segment of instruction contained a general explanation of a command. The command was then demonstrated either by the instructor in class or through animations online. Each segment of instruction also offered a practice task that the students were required to complete. We explicitly addressed the potential for researcher bias. The primary investigator did not teach, but monitored the teaching activities. One of the authors was also an instructor but he, as well as the second instructor, was not informed of the research details (hypothesis, dependent variables, instruments) prior to the completion of the course.
Many studies in the learner control tradition have used a single lesson as the unit of analysis (Reeves 1993). Consequently, the limited duration of the treatment may be partially responsible for the lack of convergent findings (Reeves 1993).
To mitigate this problem, we increased the duration of the experiment to one semester. The considerable length of the experiment enabled students in the VLE to adjust to the web-based instruction delivery system, and should reduce concerns based on confounding novelty effects while being representative of a standard semester-long course. In order to clarify the distinction between the traditional learning environment and the VLE used in our study, we contrast them on the six defining dimensions introduced earlier (Table 3 Table 4 . Most students participated in the on-line activities with some being more active than others but with no students dominating the interaction.
Experimental Manipulation
During the first week of class, the students in the treatment group were taught how to navigate the online modules and how to access and use the available communication tools. During the second week of training, the students convened for three hours in a computer lab on campus and covered introductory material using the VLE. The primary structural difference between the two learning environments is the higher level of learner control provided by the VLE. The VLE allowed the students to access the teaching material at any time and from any location equipped with a computer and an Internet connection. Conversely, students in the traditional learning environment had to attend class at specified times. Students taking the course online were able to customize the teaching material. They could briefly review or skip topics with which they were familiar, or they could repeat at will topics that they did not comprehend. They could also limit their attention to presentation forms they found useful and skip those that they did not. For example, one student might only use animations while another might rely exclusively on textual instructions or a mix of the two. The VLE provided a higher level of learner control than was available to the students in the control group,3 and enabled students to evaluate their progress and instructional needs through practice assignments and interaction with other participants.
To corroborate the above arguments with perceptual data, we asked all subjects involved in the experiment to evaluate their control over the learning pace. They were asked to agree or disagree, on a five-point Likert scale, with the following statement: "In this class I was able to learn at my own pace." Individuals in the VLE, on average, felt that they had more control over the learning pace (p = 0.000). While we only measured control over pace quantitatively, student comments provide evidence that they also enjoyed the other forms of control: "I like to be able to work at my own pace and on my own 3While it could be argued that students in traditional classroom education are commonly provided with handouts, and they can flip through them at their own pace, in the VLE, the learner has access to the full range of instructional material and presentations. These can be accessed at will and at random; a student could repeat many times only the few modules of interest in a given lesson. This is clearly impossible in a traditional classroom, as it would equate to asking the instructor to repeat the same concepts many times and subsequently skip the following n topics, or to quit using animations and visual demonstrations to only focus on verbal explanations. time"; "I liked the way you could choose to complete assignments wherever you chose"; "I really liked the structure of this class because it was at your own pace; if you understand, you could go do other projects." Perhaps the most informative comment on the learner control differential is the comment of one dissatisfied student: "I would learn the material better if it were 'forced' on me by having attended class."
Variables and Measures
Grades on midterm and final exams provided a measure of achievement. A pool of six graders, blind to the research hypothesis and subjects' section membership, was created. Grading assignments were rotated among them to avoid systematic grading bias. Both self-efficacy and satisfaction were measured through validated scales ( Two control variables, gender and instructor, were included in the analysis in an attempt to control for extraneous sources of variance and to maximize the power of the statistical test. Recent research has found that perception of technology usefulness and ease of use differs between genders (Gefen and Straub 1997). These findings, albeit exploratory, suggest that controlling for gender differences may be beneficial. During our preliminary survey, female subjects reported feeling significantly more threatened by computers than their male counterparts. Thus, we included gender as a control variable in our research model. To minimize the potential influence of idio4Green and Taber's satisfaction measure was originally developed to measure individuals' satisfaction with a group decision process. We modified the instrument to focus the subjects' assessment on their satisfaction with the learning process in the course. Subjects were asked whether they felt the learning process in the course was coordinated/uncoordinated, confusing/understandable, satisfying/dissatisfying. syncratic instructor characteristics, two instructors participated in the experiment. We included instructor as a second control variable.
Qualitative data were collected through openended questions in the midterm and the final surveys, analysis of messages on the electronic discussion, and debriefing of the instructors and some students. We reviewed these sources of data to triangulate our quantitative findings and to assess the plausibility of competing explanations of our results.
Data Analysis and Results
Tests of the assumptions of homoscedasticity and normality underlying repeated measure designs (Hair et al. 1995) were satisfactory and justified further analysis. Mean and standard deviations of performance, self-efficacy and satisfaction are reported for both environments in Table 5 . Multivariate tests of significance are reported in Table 6 .
Our results show a statistically significant main effect of learning environment. This finding lends support to the proposition that, when learning model is held constant, VLEs and traditional classrooms differ in terms of learning effectiveness. We thus performed univariate tests to understand what dimensions of effectiveness account for these results (Table 7) .
Our findings did not support the first hypothesis. While, in aggregate, the students in the VLE consistently outperformed their counterparts in the traditional environment, the score differential was not statistically significant. The second hypothesis was supported. Students in the VLE reported significantly higher computer self-efficacy than those in the traditional classroom. The third hypothesis shows a significant difference in satisfaction with the direction indicating that students in the VLE were less satisfied.
In order to determine if the pattern of results differed between the first and second data collections (i.e., midterm and final), we analyzed the data separately through multivariate analysis of variance. Because the material covered during 1994 ). Many students indicated that they felt a great shift of responsibility from the instructor to themselves and that they found it difficult to adjust. One of the participants commented that "students should not be responsible for also being 'teachers,"' and another echoed that the relative freedom "made it a lot more difficult to complete assignments because they were never taught to us." Another stated: "I found learning this way was very, very frustrating," and a classmate stated that he had difficulties because the class "was different from my experience" and he had never taken "a class like this." One student commented about asking for help through the electronic communication facility: "It was difficult relaying exactly what I wanted to know." These comments highlight the fact that some students found themselves unable to cope with the high degree of learner control they received and with the novelty of the learning environment.
According to our expectations, the VLE fostered increased computer self-efficacy. These results were consistent over time and were maintained when different software applications were taught. While students received considerable guidance and instruction in the VLE, they felt that they had learned independently. Having learned independently once, subjects felt that they could do it again in the future. Many comments clearly indicate that students in the VLE attributed learning outcomes to their own effort and ability. For example, "I have not taken away anything that I could not have gotten myself," "I felt like I had to teach myself a lot of the times," and "It was hard to figure out how to do certain things with just the tutorials and the book."
Subjects in the VLE reported lower levels of satisfaction than their counterparts in the traditional environment. A breakdown of students' satisfaction responses shows that significant differences in reported satisfaction only occurred during the second half of the semester. Students in the traditional classroom reported a steady satisfaction level throughout the semester (p = 0.166). Conversely, the level of satisfaction reported by the students in the VLE declined significantly during the second half of the course (p = 0.016). This pattern is consistent with the hypothesis that previous experience in the learning domain is necessary to avoid frustrating learners with a high degree of learner control that they are unable to properly utilize. While students in both learning environments had significantly higher experience and familiarity with the material covered during the first half of the course (p = 0.000), only the students in the VLE experienced a decline in satisfaction during the second half. A higher level of learner control offered by the VLE was not well received by the students when they turned to material with which they were less familiar. Qualitative data corroborate this finding. Three comments are indicative of the common opinion that the VLE was "a good learning environment for this material because most people have a general knowledge of [Microsoft] Office," "the second half was more difficult and took more effort," and that when learning Microsoft Access, students would prefer to "be in the classroom with the professor for hands-on help and teaching."
Overall, students in the VLE reported lower levels of satisfaction. Even when they had some familiarity with the material, they were not more satisfied than students in the traditional environment. A number of comments point to the need for technology quality and reliability in novel learning environments (Webster and Hackley 1997). Subjects reported being dissatisfied with the quality of the shell application (e.g., "I am not opposed to taking an Internet class but the interface was very inefficient and ineffective") and the reliability of the online material (e.g., "I think it was an effective class. The only frustration was LearningSpace: it was slow and not userfriendly"). A few students without a computer or the necessary software found it difficult to gain access to the needed equipment (e.g., "It was hard to always gain access to a computer, therefore I felt that I was rushing to catch up").
The frustration with technical issues may also be masking a more fundamental cause of dissatisfaction. The subjects were engaging in their first experience in a VLE using relatively unfamiliar learning and communication tools. This lack of familiarity and developed learning strategies for the new environment may lead to feelings of isolation and anxiety (Hara and Kling 2000). Some students reported feelings of frustration and inability to use effectively the communication infrastructure in the VLE. As students become more computer savvy and more accustomed to the computer as a learning tool, they will likely feel more comfortable with the technology and, overall, be more satisfied with the process. Notable in this regard are the results of a pilot study conducted in a course offered the semester before the experiment. A total of 20 students interested in taking a course in the VLE were selected from a pool of 60 applicants. These self-selected students responded enthusiastically to the VLE and reported very high levels of satisfaction with the learning process.
Limitations
As with any study of this complexity, the reader should be mindful of limitations when interpreting the results. Power analysis indicates that, with our research design, we can detect medium and large group differences (Cohen 1988) . It is possible that a small performance difference does exist between virtual and traditional learning environments but our design is not sensitive enough to detect it.
We witnessed differential drop rates between the treatments, 11 in the VLE versus five in the traditional environment. Drop rate can be considered a measure of learning effectiveness and previous research generally shows that drop rates tend to be higher in technology-mediated learning environments (Maki et al. 2000; Wetzel et al. 1994 ). This differential drop rate may be an indicator that students in the VLE generally felt that they had been treated unfairly and thus withdrew or lessened their efforts. While we have no conclusive evidence on this issue, it was possible to interview nine students who had dropped the course. Interviews did not offer compelling evidence of withdrawal behavior. Some subjects cited reasons independent of the learning environment (e.g., personal reasons, heavy semester loads) while two of them cited reasons specific to the treatment (e.g., need an instructor face-toface, personal aversion to computers). An analysis of computer self-efficacy and satisfaction reported during the first half by students who later dropped shows no significant difference from the general population.
It could be argued that students in the VLE spend more time interacting with the computer and, as a consequence, develop higher computer selfefficacy. A correlation between time spent in the VLE and computer self-efficacy would provide evidence corroborating this explanation. However, while we cannot definitely rule out this possibility due to our investigation of IT-related subject matter, the available evidence does not support it. Students reported spending considerably more time on task during the second half of the semester because of widespread unfamiliarity with the material. Yet, no appreciable difference in computer self-efficacy was detected between the two halves of the semester.
The generalizability of our findings to other learning contexts is also subject to debate. The current study is limited to the attainment of basic computer skills, a subject area that is inextricably linked with the very tools employed in the VLE. Replications in other subject areas are required. (Kiser 1999) . Nonetheless, while VLEs make use of codified knowledge modules typical of CAI, they also enable participants' interaction. Our study did not attempt to investigate the optimal VLE class size, but its relationship with effectiveness may assume an "inverted u" form. As class size increases, so does the pool of resources and perspectives contributed by participants. Once the apex is reached, information overload and coordination difficulties depress effectiveness. Since a number of initiatives in higher education, as well as in the corporate world, are being justified based on the alleged efficiency gains brought about by VLEs, careful empirical research should verify these claims.
Conclusions and Implications
The investigation of individual characteristics of students and instructors, referred to as human dimension in our framework, also provides fertile ground for future research. VLEs depart from the traditional model of classroom education with which most students are familiar. They shift much of the responsibility and control of the learning experience to the learner. While we did not explicitly focus our attention on individual characteristics, many participants' comments suggest that a novel skill set, including time-management skills, the ability to monitor personal progress, and the ability to communicate effectively through electronic media, is necessary to take advantage of the unique characteristics of VLEs. These comments also point to the importance of high comfort with computers and a learning style fit with the VLE as prerequisites for student satisfaction with a learning experience in the VLE. Technological proficiency, and the ability to rely on the community of learners through electronic communication, appears critical also in light of the potential for feelings of isolation, anxiety, and confusion to emerge in the virtual environment (Brown 1996; Hara and Kling 2000).
With respect to instructors' individual characteristics, debriefing interviews lend support to the notion, advanced by earlier research, that a considerable time and energy burden is placed on teachers in the VLE (Hiltz 1993) . Moreover, the ability to comfortably share control of the learning activities with students appears to be a prerequisite to satisfactory instructor adoption of the VLE. Given the importance of previous experience in shaping future attitudes (Eagly and Chaiken 1993), future research on human dimensions that verifies or dispels the above considerations through empirical investigation is highly desirable.
Many of the design dimensions that we identified in our framework also await systematic investigation in the context of VLEs. In conclusion, for IT basic skills in entry-level college courses, students who are trained in the new environment develop the confidence in their skills that is instrumental in making them successful computer users. Low satisfaction with the learning process, particularly when the subject matter is very new to students, is, at least in the short term, a byproduct of the experience. Educators who intend to offer training in web-based virtual learning environments should consider a number of alternative courses of action aimed at increasing learner satisfaction with the process. They can let students self-select into the learning environment they deem most appropriate to their skills and preference. They can help them develop self-management and time management skills and they can provide intensive support, especially early in the course, to remote students. Alternatively, the real benefits of the VLE, particularly for on-campus undergraduate student populations, may in fact come from blending desirable features of the VLE with the personal contact benefits of the traditional learning environment. 
